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GOLD MINE 


HOUSES WORLD’S 
MOST SENSITIVE 
EARTHQUAKE 
DETECTOR 


One of the world’s most sensitive 
earth movement detectors (seis- 
mometers) operates in an old gold 
mine near Boulder, Colo. 

The instrument, developed and 
operated by scientists and en- 
gineers at the Bureau’s Boulder 
Laboratories, detects infinitesimal 
vibrations in the earth’s crust using 
a 30-metre (100-ft) laser inter- 
ferometer. Its sensitivity is ex- 
pected to open new areas of 
research in the detection of gravity 
waves and earthquakes. 

Home of the unique later detec- 
tion system is an abandoned tunnel 
of an old gold mine, opened by a 
prospector in 1878 but abandoned 
in 1953 when the costs of mining ex- 
ceeded returns. The tunnel was 
reopened by NBS around 1961 for 
studies on the speed of light, 
because that experiment needed a 
quiet, stable environment. 

The earthquake sensor, designed 
by members of the Quantum Elec- 
tronics Division, can detect vibra- 
tions in the earth as small as 5 X 
10-3 metres in amplitude— only 20 
trillionths of an inch. Measuring 
changes in length of this size in the 
100-foot tunnel is like measuring a 
1/100-inch change in the distance 
between the sun and earth. The in- 
strument can measure these 
changes at frequencies ranging 
from 100 cycles per second down to 
one cycle per year. 

The high sensitivity of the device 
is due to the highly stable laser 
beam transmitted through the 
unusually long interferometer built 


The laser-seismograph, a 30-metre laser interferometer, is used to monitor vibrations in the 
earth’s crust. 


TIME OF DAY SIGNALS 


HALF -SILVERED 
MIRROR 


DATA 
LOGGER RECORDER 


1 INDIUM ARSENIDE DIODE 
MIXES SIGNALS & CREATES BEAT FREQUENCY (OR DIFFERENCE FREQ.) 


He —Ne 


Se ee 


He-Ne 
LASER 
GAIN CELL 


( METHANE 


30 — METER | 
INTERFEROMETER 


LASER 

ey, 
SERVO —LOCKED TO FRINGE 
OF INTERFEROMETER 


SERVO-LOCKED TO 
METHANE FREQUENCY 


ABSORPTION 
CELL 


Simplified schematic of the laser- 
interferometer. 


especially for use in the gold mine. 
The wavelength of light used lies in 
the near-infrared portion of the 
spectrum and is not visible to the 
eye. A small laser generates the in- 
frared light and transmits it through 
an interferometer, a_ laboratory 
device which measures light waves 
with extreme precision. The ends of 
the interferometer are mirrors 
anchored to the solid rock of the 
mine floor by piers. As the rock 
moves slightly in response to earth 
tremors or the passage of the moon 
and sun overhead, the mirrors also 
move, causing the light’s self-inter- 
ference to vary. The variation is 
then detected with light-sensitive 
crystals, which convert infrared 
light to electrical currents for am- 
plification and recording. 


THE OPERATING SCHEME OF THE 
SEISMOGRAPH 

Two independent helium-neon 
lasers run simultaneously: one to 
sense the variation in length of the 
interferometer, and the second to 
serve as a standard of frequen- 
cy/wavelength for comparison with 
the first. 

The interferometer is an adapta- 
tion of the Fabry-Perot interferome- 
ter. Its main characteristic is that 
the intensity of infrared laser light 
transmitted through its partially 
transmitting mirrors and emerging 
from the other end is a periodic 
function of the distance between 
the mirrors, and maximum intensity 
is obtained whenever the mirrors 


132 


are separated by an integral number 
of half-wavelengths. If the mirror 
separation varies with time, as 
when the mirrors are moved by 
vibrations in the earth’s crust, then 
the intensity will vary. 

A photodiode senses this varia- 
tion in intensity and drives a ser- 
vomechanism which tunes the 
laser’s frequency enough to bring 
the intensity back to maximum. 
Thus, the laser’s frequency varia- 
tions are made to “‘track”’ the inter- 
ferometer’s length variations. 

Frequency variations in the inter- 
ferometer-laser are measured by 
comparing the output with another 
laser whose frequency is highly sta- 
ble. This stabilization is accom- 
plished by lock'ag the second 
laser’s output to the constant 
frequency of a saturated absorption 
line in methane gas. Frequency 
fluctuations in this stabilized laser 
amount to less than a few parts in 
10!2, though this is not the ultimate 
stability one could expect from this 
type of device. 

Both lasers, oscillating at about 
3.39 micrometres, are focused onto 
an indium arsenide diode which 
mixes the signals and creates beat 
frequencies. One of these, the dif- 
ference signal, is filtered out and 
recorded along with time-of-day 
signals. This difference signal is 
equal to the interferometer frequen- 
cy minus the stabilized frequency, 
and it varies in frequency according 
to the variations in length of the in- 
terferometer. Sensitive enough to 
detect vibrations in the earth that 
change the interferometer spacing 
by only a few parts in 10”, the 
system is also fast enough to record 
such changes at frequencies up to 
50 cycles per second, while retain- 
ing the stability to measure vibra- 
tions at frequencies of less than one 
cycle per year. 


APPLICATIONS 

Laser-seismograph development 
opens new areas of research in the 
fields of seismology and geophysics. 
Several different investigations in- 


volve the laser-seismograph in 
Boulder, one of them being a study 
of the seismic signals generated 
by nuclear explosions and earth- 
quakes. One of the most powerful 
techniques available for analyzing 
these signals determines the ampli- 
tudes of the various frequency com- 
ponents present in the signal. 
Studying these amplitudes can shed 
light on the elastic properties of the 
earth and can also be used as an aid 
in understanding what causes the 
tremors..This allows a better under- 
standing of earthquake dynamics. 

Another field of investigation 
concerns the long-term buildup of 
strain in the subterranean rocks. If 
the strain, or deformation, in a par- 
ticular area accumulates to the 
point where it exceeds the elastic 
limit of the crustal material, an 
earthquake may be generated when 
the crust ruptures or slips to relieve 
the strain. Thus, monitoring of the 
strain buildup as a function of time 
may provide some indication of 
where an earthquake might be im- 
minent. 

The instrument is also making a 
contribution in another, totally dif- 
ferent, area of investigation. There 
is a distinct possibility that gravita- 
tional energy from certain classes of 
distant stars strikes the earth and 
sets up vibrations in the crust. Two 
types of stars believed to emit such 
energy are pulsars and rotating 
binaries. Pulsars are very small, 
very dense objects which rotate 
rapidly on their own axes, while 
binaries are two separate stars that 
revolve about their center of mass. 
Although the vibrations set up in 


the earth by either of these two 


types of objects are extremely 
weak, they may be detectable using 
this instrument. The detection of 
these signals will have far-reaching 
consequences for astrophysics. It 
will be the first time that gravita- 
tional energy from an identifiable 
stellar source will have been de- 
tected. 
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TONS BY THE, 
NS TV TIME ‘at 


CAPTIONS 


ID DEAF 


TV VIEWERS 


Although millions of TV viewers 
in the Washington area were 
unaware of subtitles transmitted 
over the ABC network show “‘Mod 
Squad” at 7:30 p.m., Tuesday, 
February 15, scores of deaf students 
at Gallaudet College in Washington, 
D.C., were reading the dialog as 
they watched the show. 

The event, to show graphically 
that millions of hearing impaired 
viewers can enjoy television without 
in any way distracting the vast TV 
viewing public, was a joint effort by 
the developers of the new 
system—the National Bureau of 
Standards; the Department of 
Health, Education, and Welfare; 


the American Broadcasting Com- 
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pany station WMAL TV; and Gal- 
laudet College. 

The new system, called TV Time, 
devised at the NBS, Boulder, Colo., 
laboratories, allows the sending and 
receiving of captions in electronic 
code on the bottom line of the TV 
screen which can be translated into 
visual messages on the picture of 
specially-adapted sets. The “pig- 
gyback”’ signals cause no _ inter- 
ference with normal viewing or 


broadcasting. 

The system originally was 
developed by NBS to disseminate 
accurate time throughout the 


United States. It codes a tiny por- 
tion of the signal that broadcasters 
normally transmit with alphanumer- 


ic information such as time of day, 
channel identification, and special 
messages. 


Future TV sets may have a circuit 
to decode the signal and display a 
digital clock face on the picture 
tube. The circuit also supplies the 
means for resetting all the clocks in 
the home or office. 


Because the system has the capa- 
bility of coding and decoding both 
numbers and letters it makes possi- 
ble a simple, inexpensive method of 
captioning TV broadcasts for the 
hearing impaired or for non- 
English-speaking audiences. 

The television industry has tried 
numerous experiments with sign 
language subtitles and_ special 
scramblers using cable or phone 
lines to bring the audio portion of 
TV to the hearing impaired. These 
experiments have met with only 
moderate success because they 
tend to distract the audience with 
normal hearing. The television in- 
dustry has been cooperating with 
NBS to overcome these objections. 


The main feature of TV Time is 
that the viewer has the choice of 
seeing the captions or not. For a 
nominal investment, a viewer desir- 
ing time of day or captions will be 
able to install a small circuit module 
in his television receiver. 


NBS engineers estimate that the 
simplest time-decoding module, 
which may be available as early as 
1973, would cost less than $20 if 
mass produced and installed in the 
factory. Captioning modules with 
numerous options to assist the hear- 
ing handicapped would be in the 
$50 range. Local television stations 
would be able to buy the equipment 
to provide their viewers with 
precise time of day information, 
captions, channel identification, 
and visual emergency messages. 


The NBS TV Time System is ex- 
pected to provide private industry 
with technology to supply many new 
services, products, and systems 
now in demand but not available. 
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RADIOCHROMIC DYE FILMS APPLIED TO 
RADIATION MEASUREMENTS 


At the NBS 4-MeV Van de Graaff accelerator, Harvey Eisen holds the experimental assembly 
for making electron depth-dose dosimetry measurements using radiochromic dye films. 
During an experiment the assembly is mounted within the chamber (left) and is visible to a 

TV camera through the lighted port reflected in the mirror (above the assembly). 


The radiochromic dye film 
technique of radiation dosimetry!” 
developed at the Bureau has been 
used to measure the local absorbed 
dose due to electron beam penetra- 
tion in homogeneous targets cover- 
ing a wide range of atomic numbers. 
Measurements were made on finite 
as well as semi-infinite slab targets 
at various angles of beam inci- 
dence.** In addition, electron dose 
measurements have been made for 
the first time on multilayer targets.® 
Data obtained with 2-MeV electrons 
from the Bureau’s Van de Graaff ac- 
celerator agree within 10 percent 
with previous ionization meas- 
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urements® and with theoretical 
calculations.’ 

Electron beams are finding in- 
creasing use for sterilizing materi- 
als, curing plastics and paints, 
preserving food, and _ treating 
cancer. In most of these applica- 
tions the beam passes through 
layers of different composition, 
each of which has different absorp- 
tion characteristics. For safe and ef- 
ficient utilization of beam energy it 
is important to know the energy 
deposition profiles in the materials 
through which the beam will pass. 
The  radiochromic dye film 
technique provides a convenient 


means of determining such profiles, 
and because of its linear response 
and simple photometric read-out, it 
is more straightforward than ioniza- 
tion measurements. 

The first application of 
radiochromic dye films to radiation 
dosimetry measurements was made 
by William L. McLaughlin of the 
NBS Center for Radiation 
Research. His research has demon- 
strated the feasibility of using these 
systems to measure radiation dose 
distributions in matter on a micro- 
scopic scale.2% The essence of the 
technique is that stable color can be 
induced as high-resolution radio- 
graphic images in thin dye-precur- 
sor films by ionizing radiation. The 
amount of color can be determined 
by optical densitometry and the 
dosimeter response calibrated by 
means of a graphite calorimeter 
technique. As guest workers in the 
Dosimetry Section of the NBS Ap- 
plied Radiation Division, Harvey 
Eisen* and Marvin Rosenstein,** 
collaborating with Professor Joseph 
Silverman,*** used this approach 
in determining absorbed-dose 
profiles. 

Two basic arrangements were 
used for irradiating materials, de- 
pending on atomic number (Z). For 
low-Z materials such as 
polystyrene, radiation dose distribu- 


*Guest worker at NBS, permanent address: Harry 
Diamond Laboratories, Washington, D.C. 20438. 


**Guest worker at NBS, permanent address: Bureau 
of Radiological Health, Rockville, Md. 20852. 


***Laboratory for Radiation and Polymer Science, 
University of Maryland, College Park, Md. 20740. 
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tions were measured using a wedge 
technique: a calibrated dye film was 
inserted, from front to back, into a 
slit in the absorbing material so that 
its plane was at a slight angle to the 
beam. This arrangement can be 
used accurately only for materials 
whose average atomic number 
closely matches that of the film. 


In cases where higher Z materials 
are being measured, the low-Z 
radiochromic dye films were inter- 
posed at different penetration 
depths at right angles to the beam, 
between relatively thin disks of the 
material(s) in question, for a point- 
by-point, rather than a continuous, 
measurement of the absorbed dose, 
such as that yielded by the wedge 
technique. 


These measurements covered 
such parameters as the thickness of 
the absorber, the angle of beam in- 
cidence, the atomic number of the 
absorber, and combinations of ab- 
sorbers in multilayer configura- 
tions. The measurements were 
compared with theoretical depth- 
dose calculations made by the 
Monte Carlo techniques of M. J. 
Berger and S. M. Seltzer of NBS.’ 
Agreement between experiment 
and theory was within 10 percent. 


When the sample thickness is 
varied, depth-dose curves show a 
marked difference, due mainly to 
the absence of the backscattered 
electron contribution in thinner 
samples. The measurements show 
to what degree a thick absorber will 
yield a higher depth dose than a thin 
absorber. 


The angle of beam incidence also 
dramatically affects the radiation 
depth-dose profile in a homogene- 
ous absorber. With increasing an- 
gle, the maximum energy deposition 
increases and moves closer to the 
entrance surface, while the max- 
imum depth of penetration 
decreases. 


With increasing atomic number a 
similar behavior is observed: the 
maximum energy deposition 
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Depth-dose distribution of 2-MeV electrons in copper is shown to have a strong angular 


dependence at high angles of incidence. 


generally increases and moves 
closer to the entrance face. 

The data for two-layer slabs 
reveal a significant change in the 
energy deposited in the front layer 
if a material of different atomic 
number is placed behind it. This 
change results from altering the 
backscatter contributions by the 
presence of a second material. The 
dose in the immediate vicinity of the 
interface was found to undergo a 
rather abrupt discontinuity. 


1 Radiochromic dyes used to look at radiation 
beams, Nat. Bur. Stand. (U.S.), Tech. News Bull. 54, No. 
2, 29 (Feb. 1970). 

2 McLaughlin, W. L., Microscopic visualization of 


dose distributions, Int. J. Appl. Rad. and Isotopes 17, 
85-96 (1966). 


3 Rosenstein, M., Eisen, H., and Silverman, J., Electron 
depth-dose distribution measurements in_ finite 
polystyrene slabs, J. Appl. Phys., in press. 


4 Eisen, H., Rosenstein, M., and Silverman, J., 2.00- 
MeV electron depth-dose measurements in aluminum, 
copper, and tin absorbers using a radiochromic dye 
film, Int. J. Appl. Rad. and Isotopes 23, 97-108 (Mar. 
1972). 


5 Eisen, H. A., Electron depth-dose distribution mea- 
surements in metals and two-layer slabs, Ph.D. Thesis 
for University of Maryland (1971). 


§ Nakai, Y., Energy dissipation of electron beams in 
matter, Japanese J. Appl. Phys. 2, 743 (1963). 


7 Berger, M. J., Monte Carlo Calculation of the 
Penetration and Diffusion of Fast Charged Particles, 
Methods in Computational Physics, pp. 135-215 
(Academic Press, New York, N.Y., 1963). 


8 McLaughlin, W. L., and Hussmann, E. K., The mea- 
surement of electron and gamma-ray dose distribu- 
tions in various media, Proc. Large Radiation Sources 
for Industrial Processes, Munich, Germany, Aug. 18-22, 
1969, pp. 579-590 (International Atomic Energy Agen- 
cy, Vienna, 1969). 
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Standard Reference Materials are 
well-characterized materials cer- 
tified for chemical composition or 
for a particular physical or chemi- 
cal property. These materials are 
disseminated by NBS to be used to 
calibrate and evaluate measuring 
instruments, methods, and systems 
or to produce scientific data that 
can be referred readily to a common 
base.! 


The Office of Standard 
Reference Materials announces the 
availability of several new and reis- 
sued Standard Reference Materials. 
The new SRM’s are potassium 
chloride, clinical standard; plutoni- 
um metal, standard matrix material; 
a-quartz for hydrofluoric acid solu- 
tion calorimetry; tin on steel, coat- 
ing weight SRM’s; strontium car- 
bonate, assay and isotopic SRM; 
stainless steels, optical emissions 
and x-ray spectrometric SRM’s; ox- 
ygen in nitrogen, gas_ standard; 
glass and liquid (filters for 
spectrophotometry; and iron foil 
Mossbauer standard for use in 
Mossbauer spectrometry. 


PLUTONIUM METAL 


SRM 945, plutonium metal, is is- 
sued to provide a source material 
for the preparation of PuO, to be 
used as a matrix material for the 
preparation of emission spectrosco- 
py standards. Although it is known 
to be of high purity, this SRM is not 
intended to replace SRM 949, which 
is a primary chemical standard. 
Because of the special use intended 
for SRM 945, only those chemical 
analyses involving spectrographic 
impurities are provided. 
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STANDARD 
REFERENCE 
MATERIALS 


These SRM’s consist of several 
pieces of metal having a total weight 
of about 5 grams sealed in a glass 
tube under a reduced pressure 
argon atmosphere. The - serial 
number of the SRM and its weight 
are given on each tube. Weighings 
are accurate to the nearest 1.0 milli- 
gram. 

This plutonium metal has been 
prepared from a single lot of materi- 
al selected because of its low metal- 
lic impurity content. The main im- 
purities detected, exclusive of 
americium, are: tungsten, 80 ppm; 
silicon, 11 ppm; gallium, 6 ppm; and 
iron, 3 ppm—with a total detected 
metallic impurity content of about 
105 ppm. The americium resulting 
from the decay of plutonium-241 is 
approximately 146 ppm as of Sep- 
tember 1971, and should increase 
less than 150 ppm per year. Impuri- 
ty determinations indicate that the 
material is quite homogeneous. 
Price of this SRM is $500 for a 5-g 
unit;? an AEC license is required for 
purchase. 


POTASSIUM CHLORIDE 
Potassium chloride, SRM 918, is 


intended as a standard for the clini- 
cal determination of potassium and 
chloride, and to verify the quality of 
working standards regularly used 
for such analyses. This standard 
reference material is certified at 
99.9 percent purity. 


The normal plasma potassium 
level for most normal adults is 
between 4.0 and 4.7 mEq per litre 
(mmol/l). The plasma _ potassium 
concentration changes in many dis- 
ease states, particularly when tissue 


destruction occurs. A marked in- 
crease or decrease in potassium 
concentration may cause cardiac 
damage. 

Plasma chloride varies from 95 to 
103 mEq per litre for most normal 
adults. While not as important as 
potassium, the chloride ion plays an 
essential role in the maintenance of 
normal acid-base balance and 
physiological homeostasis. Some- 
times there is a tendency to ad- 
minister excessive chloride. The 
analysis of plasma for chloride ion 
offers a valuable tool for monitoring 
and correcting electrolyte 
disturbances. 

A stated goal for clinical analyses 
is for accuracy of the determination 
to be eight times better than the 
normal patient-to-patient variation. 
At present, determinations of 
plasma potassium and chloride are 
borderline to this goal, at best. This 
new SRM offers a tool to improve 
the accuracy of these determina- 
tions and to relate the work of clini- 
cal laboratories to a basic standard. 
This SRM may normally be used as 
received; however, since potassium 
chloride tends to be hygroscopic at 
high humidities, it may be advisable 
to dry a sample over magnesium 
perchlorate prior to weighing. The 
price of the SRM is $40 for a 30-g 


unit.” 


a-QUARTZ 
SRM 1654, = a-quartz for 
Hydrofluoric Acid Solution 


Calorimetry, is provided for the pur- 
pose of verifying or comparing 
results obtained by calorimeters 
measuring enthalpies of solutions in 


hydrofluoric acid. The SRM is not 
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intended for calibration of calorime- 
ters nor as a replacement for the 
electrical energy calibrations nor- 
mally performed. Deviation of mea- 
sured values from the certified 
value of this SRM, however, may 
serve as an indicator of systematic 
errors in the calorimetry. 

The enthalpy of the new SRM is 
certified as — 2362.2 with an overall 
uncertainty of +1.1 J g-! at 353.15 K 
using 24.4 percent (wt.) hydrofluoric 
acid. Equations are given for tem- 
perature corrections of the enthalpy 
values between 298 and 358 K and 
for HF concentrations between 18 
and 30 percent (wt.). The particle 
sizes of the sample are in a range 
that will pass a No. 200 sieve and be 
retained on a No. 400 sieve. Errors 
due to surface energy effects or 
separation of particle sizes in this 
sample have proven to be insignifi- 
cant. The price of this SRM is $175 
for a 25-g unit.” 


CALIBRATION STANDARD 
REFERENCE MATERIALS FOR 
WEIGHT PER UNIT AREA 
(THICKNESS) OF TIN COATINGS ON 
STEEL 


Six new coating weight standard 
reference materials of tin on steel, 
intended for calibrating coating 
thickness gages of the _ beta- 
backscatter type and for calibrating 
x-ray fluorescence methods for the 
measurement of the weight per unit 
area of tin coatings on steel, are 
available. The tin coatings were 
electro-deposited from a bright acid 
tin bath. X-ray fluorescence 
techniques were used to measure 


the thickness of the tin coatings 
relative to NBS tin coating material 
for which the average weights per 
unit area are determined by weight 
and area measurements. The 
SRM’s, NBS Nos. 2331 to 2336, may 
be purchased separately or in sets 
as indicated below. 

The stated weight of tin per unit 
area is certified to be within 5 per- 
cent of the actual weight per unit 
area at the center of the specimen 
and of the average weight per unit 
area over the 15 mm square. An 
equivalent thickness is given, but 
not certified. This thickness is cal- 
culated assuming that the tin is 
pure and has a density of 7.30 
g/cm?. The substrate is polished 
AISI 1010 steel.” 


STRONTIUM CARBONATE 


SRM 987, strontium carbonate, 
(SrCO3, Alkalimetric assay, weight 
percent 99.98 + 0.02; Isotopic Com- 
position - §7Sr/8*Sr = 0.71014* with 
an overall uncertainty of +0.00020) 
is certified for use as an assay and 
isotopic standard for strontium. The 
material consists of highly purified 
strontium carbonate of high 
homogeneity. The material is only 
slightly hygroscopic, absorbing 0.02 
percent moisture at 90 percent rela- 
tive humidity but can be dried to the 
anhydrous state by heating for 1 
hour at 110°C. 

A coulometric procedure was 
used in the assay of this SRM in 
which an excess of accurately stan- 
dardized hydrochloric acid was 
reacted with a known weight of the 

*Normalized to ®%Sr/®*Sr of 0.1194 


SRM NO. NOMINAL COATING NOMINAL THICKNESS PRICE 
WEIGHT mg/cm? MICROINCHES 
2331 1.1 60 $66.00 
2332 2.0 110 66.00 
2333 3.0 160 66.00 
2334 5.0 275 66.00 
2335 12 650 66.00 
2336 14 750 66.00 
2338 one each of 2332, 2335 109.00 
2339 one each of 2331, 2333, 2334, 2336 182.00 
2340 one each of 2331, 2332, 2333, 2334, 2335, 2336 261.00 
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dried sample and the _ excess 
hydrochloric acid determined cou- 
lometrically. Results from 11 inde- 
pendent determinations showed a 
total alkalinity equivalent to 99.98 
percent strontium carbonate. The 
indicated uncertainty of 0.02 per- 
cent is the 95 percent confidence 
level for a single determination. 

The only detected impurities in 
the material are lithium, 4 ppm; 
sodium, 6 ppm; potassium, <1 
ppm; magnesium, <2 ppm; calci- 
um, 5 ppm; barium, <15 ppm; 
copper, <3 ppm; iron, <3 ppm; alu- 
minum <1 ppm; and silicon, <1 
ppm. Price of the SRM is $43 for a 


1-g unit.” 


STAINLESS STEELS 

Four stainless steels have been 
issued in two forms; SRM’s 12l1d 
and 123c are renewal standards in 
chip form designed primarily for 
checking chemical methods of anal- 
ysis; SRM’s 1171 and 1172 are two 
new standards in _ solid form 
designed primarily for calibrations 
in optical emission and x-ray spec- 
trometric methods of analysis. 
SRM’s 12ld and 1171 were 
prepared from AISI 321-type stain- 
less steel whereas SRM’s 123c and 
1172 were prepared from AISI 
348-type stainless steel. Both types 
of stainless steel are austenitic with 
the 321-type stabilized by the addi- 
tion of titanium and the 348-type 
stabilized by the addition of niobi- 
um. 

Composition control increasingly 
has become more critical with stain- 
less steel grades. However, syste- 
matic errors continue to exist 
between chemical and spectromet- 
ric methods of analysis. These 
systematic errors should’ be 
minimized or eliminated by having 
available SRM’s of the same materi- 
al in the two different forms. The 
prices of these SRM’s are: 121d and 
123c, $33 per 150-g unit; and 1171 
and 1172, $50 each.” 


OXYGEN IN NITROGEN 
Oxygen in nitrogen, SRM 1604A 
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(oxygen concentration, 0.000152 + 
0.000005 mole percent), has been is- 
sued as a certified gas standard. 
The concentration of oxygen in this 
standard reference material is rela- 
tive to all other constituents, includ- 
ing nitrogen and possible traces of 
water vapor and argon. The uncer- 
tainty shown represents the 95 per- 
cent confidence limit of the mean 
based on seven determinations of 
the oxygen content. 

Containers for this SRM were 
prepared prior to filling by alternate 
cycles of evacuation and flushing 
with nitrogen of low oxygen content. 
They were finally filled with a 
second sample of nitrogen of low ox- 
ygen content. The determinations of 
the oxygen content were made 
using an absolute electrochemical 
method developed specifically for 
this standard reference material. 
No change in the oxygen concentra- 
tion value was observed in a 
cylinder stored at room temperature 
for 1 month. However, this standard 
reference material should never be 
' stored for any length of time at a 
temperature above room tempera- 
ture (25 °C). 

The oxygen concentration shown 
here is considered to be accurate 
for the gas as contained in an 


E. R. Deardorff prepares to measure the 
absorbance of a liquid filter Standard 
Reference Material (SRM 931). Such 
measurements are useful to check the 
accuracy of the photometric scale of 
spectrophotometers, and to provide a means 
of interlaboratory comparisons of 
spectrophotometric data. 


unopened cylinder for a period of 5 
years. Periodic analyses of the gas 
mixture will be made and users will 
be notified if any significant devia- 
tion from the above value appears. 
This SRM is sold in cylinders con- 
taining 68 litres at Standard Tem- 
perature and Pressure for $110 per 
cylinder.” 


GLASS AND LIQUID FILTERS FOR 
SPECTROPHOTOMETRY 


SRM _ 930, glass filters for 
spectrophotometry, and SRM 931, 
liquid filters for spectrophotometry, 
are intended to check the accuracy 
of the photometric scale _ of 
spectrophotometers, and to provide 
a means of interlaboratory com- 
parisons of spectrophotometric 
data. It is probable that in the field 
of clinical chemistry a large amount 
of data are being obtained on 
precise instruments whose accura- 
cy is unknown. To make these data 
more meaningful and universally 
applicable, the biases between in- 
struments must be eliminated or at 
least determined. A major purpose 
of these filters will be to assure that 
systematic errors due to a particular 
characteristic or condition of an in- 
strument can be recognized. 

These SRM’s should be valuable 
in the calibration of instruments 
used to obtain accurate physico- 
chemical constants such as molar 
absorptivity and equilibrium con- 
stants. For example, current in- 
terest in molar absorptivity values, 
as an index of the purity of biologi- 
cal clinical materials, requires 
greater accuracy of measurement. 
Also, the accuracy in the deter- 
mination of equilibrium constants of 
chemical reactions in solutions is 
dependent on true values of their 
molar absorptivities. 

SRM 930 consists of three glass 
filters having transmittances of ap- 
proximately 10, 20, and 30 percent. 
Each filter is individually calibrated 
and certified for absorbance and 
transmittance over a_ spectral 
wavelength range from 440 to 635 


nanometres. The price of SRM 930 
is $300 for a set of three filters.” 
SRM 931 consists of 12 vi- 
als—three each of filters “‘A’’, ““B’’, 
and “C”’ and three “‘Blanks.” Each 
of the filters is certified at 25 °C for 
net absorbance (filter minus the 
“‘Blank’’) at four wavelengths: 302, 
395, 512, and 678 nm. The price of 
SRM 931 is $75 for a set of 12 vials.” 


IRON FOIL MOSSBAUER STANDARD 
1541 


SRM 1541, iron foil, is certified 
for use in Mossbauer spectrometry? 
to calibrate the spectrometer 
velocity and for the determination 
of the isomer shift in iron com- 
pounds. The SRM is an iron foil 
whose purity is approximately 99.8 
percent (wt.). The foil, sealed 
between two plates of a ther- 
moplastic material, is a square 2.5 
cm (1 in) on edge and is 23 wm 
(0.0009 in) thick. 

The peak positions shown below 
are with respect to the center of the 
doublet of SRM 725 (sodium 
nitroprusside). The certified peak 
positions (mm/s) are the averages of 
16 determinations made at 25.2 + 
0.2 °C. 


PEAK 
PEAK NUMBER POSITION 
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Ae oo occcocetnpentnnet aa + 1.1007 
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The standard deviation of a single 
determination is 0.0016 mm/s; that 
of the average, 0.0004 mm/s. Esti- 
mates of combined unmeasured 
systematic errors are not expected 


to exceed +0.0005 or —0.0002 
mm/s. Price of this SRM is $150.2 


1 For a complete list of SRM’s available from NBS, 
see Catalog of Standard Reference Materials, NBS 
Spec. Publ. 260 (July 1970 ed.), for sale by the Superin- 
tendent of Documents, U.S. Government Printing Of- 
fice, Washington, D.C. 20402, for 75 cents; order by SD 
Catalog No. C13.10:260. 


? These SRM’s may be purchased from the Office of 
Standard Reference Materals, Room B314, Chemistry 
Building, National Bureau of Standards, Washington, 
D.C. 20234, for the prices indicated. 


3 NBS Miscellaneous Publication 260-20, Standards 


for Mossbauer Spectroscopy of Iron Compounds, U.S. 
Government Printing Office, Washington, D.C. 20402. 
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NBS WORKS WITH JUSTICE DEPARTMENT 
ON MODERN LAW ENFORCEMENT STANDARDS 


In an era marked by skyjacking 
and other crimes that threaten 
public safety, the Bureau is engaged 
in a stepped-up standardization pro- 
gram to put new muscle into the 
fight against crime. 

Under an agreement with the De- 
partment of Justice’s Law Enforce- 
ment Assistance Administration 
(LEAA), the l-year-old NBS Law 
Enforcement Standards Laboratory 
(LESL) is mounting a comprehen- 
sive program to better equip law of- 
ficers in their constant battle 
against increasingly sophisticated 
crime. Funded by LEAA’s National 
Institute of Law Enforcement and 
Criminal Justice (NILECJ), 
research at LESL is in full swing to 
develop voluntary national per- 
formance standards for equipment 
and devices used at all levels of the 
law enforcement community. Or- 
ganized by Paul J. Brown, LESL is 
now directed by Richard B. Mor- 
rison. 

LESL is serving as a technical 
resource aiding NILECJ in the for- 
mulation of standards recom- 
mended for voluntary use by local, 
State, and Federal law enforcement 
agencies, and by equipment manu- 
facturers. Standards development 
work has started on _ protective 
equipment and clothing, emergency 
equipment, communication — sys- 
tems, security equipment, alarm 
and surveillance systems, con- 
cealed object detectors, vehicles, 
police weapons, and correctional in- 
stitution building systems. 

This program is in keeping with 
an NBS activity that dates back at 
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Jacob Diamond of LESL examines bullets 
that have lodged in body armor, pointed out 
by Nicholas Calvano. The findings of this 
study will enable Mr. Diamond to develop 
performance standards for police body 
armor. 


Kenneth Kelly shows Avery Horton the 
interior of an emergency light for police 
cars. The NBS color laboratory is surveying 
emergency lights for the Law Enforcement 
Standards Laboratory. 


least 40 years to the time when NBS 
physicist Dr. Wilmer Souder dou- 
bled as an expert analyst of ransom 
notes, inks, bullet fragments and 
other items of pivotal importance in 
criminal cases. In many instances 
NBS expert witnesses helped to 
establish the legal validity of scien- 
tific investigative techniques. 

LESL is using the collective 


resources of NBS in this effort, 
utilizing program managers to plan, 
direct, and evaluate the work of par- 
ticipating laboratories. Already in- 
volved in the LESL program are the 
NBS technical divisions for elec- 
tromagnetics, analytical chemistry, 
applied radiation, mechanics, heat, 
building research, technical analy- 
sis, Measurement engineering, and 
electronic technology, as well as the 
Department of Transportation’s 
Safety System Laboratory (formerly 
the NBS Office of Vehicle Systems 


Research). 


THE LAW ENFORCEMENT 
EQUIPMENT DILEMMA 


Generally, each law enforcement 
agency operates independently in 
securing equipment. There are no 
nationally accepted standards, so 
equipment specifications _—_-vary 
greatly from department to depart- 
ment. Seldom are they based on 
systematic research or an analysis 
of user requirements, as the typical 
procurement office has no capabili- 
ty in this area. In practice, the 
procuring officer may merely copy 
the specifications for equipment 
that has been reported by another 
department to have performed well 
in use. Sometimes the required 
specifications come from _ the 
salesman for equipment that has al- 
ready been selected. Neither 
procedure necessarily provides a 
police force with the best equipment 
to do the job. LESL currently seeks 
to correct this problem by per- 
formance standards research in the 
following areas. 
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Gerard Stenbakken (right) shows Marshall 
Isler the operation of a magnetic switch- 
testing machine. Stenbakken is testing alarm 
devices and systems as a preliminary step for 
LESL’s development of standards for such 
equipment. 


LAW ENFORCEMENT VEHICLES 


Policemen have relied on the au- 
tomobile for so many years that it is 
hard to. understand why there is no 
comprehensive set of performance 
standards for law enforcement vehi- 
cles. Police agencies buying a car 
usually specify the “police 
package,” consisting of a heavy- 
duty suspension system, an over- 
sized radiator, and a high per- 
formance engine, but these are 
design, not performance, specifica- 
tions. The only performance 
characteristics normally specified 
are for minimum acceleration and 


braking. 
LESL, under Dr. Morrison as the 
Vehicle Standards Program 


Manager, will develop performance 
standards for the various 
subsystems of police vehicles. The 
standards will take into considera- 
tion differences in climatic variation 
and use—for city or country, 
highway or off-highway, and patrol 
or surveillance applications. They 
will cover brakes, steering, suspen- 
sion, tires, engines and power 
trains, structures, and other com- 
ponents. Additional performance 
standards applying to the vehicle as 
a unit will specify stability and con- 
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trol, safety, comfort and _ con- 
venience, functionality, facility for 
auxiliary equipment, acceleration, 
deceleration, fuel economy, and du- 
rability. 

Plans are being developed for air 
and marine craft standards; even- 
tually they will extend to motorcy- 
cles, snowmobiles, and other equip- 
ment. 


COMMUNICATIONS EQUIPMENT 


Many police officials believe that 
the area most critically requiring 
standardization is that of communi- 
cations equipment. The lack of 
standards in this area was also 
recognized in 1967 by the Pre- 
sident’s Commission on Law En- 
forcement and Administration of 
Justice in its report, The Challenge 
of Crime in a Free Society.' 
According to Marshall J. Treado, 
LESL Program Manager for Com- 
munications Equipment, the need 
for standardization of communica- 
tions equipment is made even more 
urgent today by the increasing 
reliance on it and by the prolifera- 
tion of complex and expensive com- 
munications systems. 

LESL is therefore placing a major 
emphasis on the development of 
standards for communications 
systems. Major efforts are being 
directed toward portable and mo- 
bile radios, portability of power sup- 
plies, voice scramblers, mobile 
digital communications systems, 
and automatic vehicle locator 
systems using mini-computers. 
Much of this work is being done by 
the NBS Electromagnetics Division 
in Boulder, Colo., and some por- 
tions may be performed under con- 
tract outside the Bureau. 


SECURITY SYSTEMS 


False alarm rates from intrusion- 
detection systems have been re- 
ported by some cities to be as high 
as 97%. One objective of the NBS 
security systems program is to 
reduce this false alarm rate by 
developing minimum performance 


standards that lead to more effec- 
tive quality control in manufactur- 
ing the subsystems. 

An alarm system consists of three 
elements: the sensor, communica- 
tions lines, and an annunciator 
panel at a central location. The sen- 
sor may be designed to detect 
sound, vibration, heat, or motion. 
Other types of sensors are elec- 
tromechanical devices, such as 
magnetic switches, and opto-electri- 
cal devices, which use light beams. 
The Bureau’s Electronic Technolo- 
gy Division is performing the stu- 
dies on alarm systems. 

The security systems program, 
which is under Program Manager 
Marshall Isler, also includes sur- 
veillance devices and _ physical 
deterrents, such as locks, protective 
cages, and safes. The NBS Heat 
Division is developing a_ per- 
formance standard for _ the 
‘“‘nightscope,” a night vision device 
originally developed for the Depart- 
ment of Defense and recently made 
available to law enforcement agen- 
cies. This is a hand-held device that 
intensifies light too faint for the 
human eye to see and displays an 
image similar to a high resolution 
television picture. 

Another surveillance system for 
which standards will be developed 
uses infrared illumination, which is 
invisible to the eye, to light a scene 
so that officers can see at night by 
use of a special viewer. Intruders, 
not having the viewing device, are 
unaware that they are being ob- 
served. 


CONCEALED OBJECT DETECTORS 
The need to detect and identify 
concealed objects, such as 
weapons, bombs, and packages of 
drugs, is leading law enforcement 
agencies into areas once familiar 
only to research scientists. Law en- 
forcement operations now _ use 
nuclear activation analysis, gas 
chromatography, mass spectrosco- 
py, magnetometry, infrared photog- 
raphy, and x-ray detectors. Enforce- 
ment officials need standards to 
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help them select such sophisticated 
systems and to understand what 
performance can be obtained from 
them. 

LESL’s program to develop stan- 
dards for concealed object detec- 
tors is headed by Robert Mills. Ini- 
tial efforts are focused on develop- 
ing standards for metallic weapons 
detectors. Technical assistance is 
being supplied by the Bureau’s 
Measurement Engineering Division, 
Applied Radiation Division, 
Analytical Chemistry Division, and 
Building Research Division. 

Establishing tentative standards 
for detectors has been facilitated by 
the use of low-intensity x-ray equip- 
ment in the laboratories of the U.S. 
Postal Service. LESL is also en- 
couraging cooperation with the 
laboratories of other government 
agencies that share an interest in 
the detection of narcotics and ex- 
plosives. 


PROTECTIVE EQUIPMENT AND 
CLOTHING 


Protective equipment includes 
devices and equipment designed to 
protect the officer against a wide 
variety of |§menaces—bullets, 
bombs, thrown missiles, tear gas, 
carbon monoxide, and automobile 
accidents—as well as against such 
prosaic enemies as rain and snow. 
Specific items of equipment include 
penetration-resistant body armor, 
helmets, face shields, breathing 
masks, hearing protectors, automo- 
bile seatbelts, reflective apparel, 
and fire-, chemical-, and rain-re- 
sistant clothing. 

The objective of the protective 
equipment and clothing program is 
to develop performance criteria for 
equipment that will protect the user 
from specific threats but will not 
impede normal activities. Work was 
begun in this area by Program 
Manager Jacob J. Diamond with the 
evaluation of the penetration 
characteristics of body armor, 
which is now available in a variety 
of styles and materials. Samples 
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Robert Mills, in charge of evaluating 
detection devices for the LESL, observes the 
indicator of a metal detector as Malcolm 
Morse walks through it. The device indicates 
the approximate amount and location of a 
metal object on a person passing through it. 


The operation of a radio transceiver that 
sends speech in scrambled form is 
demonstrated by Marshall Treado (right) to 
Richard Morrison, Director of the NBS Law 
Enforcement Standards Laboratory. 


were tested for ballistic resistance 
under the supervision of the Bu- 
reau’s Product Evaluation 
Technology Division, using the per- 
sonnel and facilities of the Naval 
Research Laboratory. This work led 
to the development of the first NBS- 
recommended standard, which will 
be issued by NILECJ in the near fu- 
ture. Three other standards, now in 
preparation, are for hearing protec- 
tors (developed by the Sound Sec- 
tion of the Mechanics Division), for 


breathing masks (being drafted by 
the Analytical Chemistry Division), 
and for an improved seatbelt system 
for police vehicles (developed by 
the DOT Safety Systems Laborato- 


ry). 


EMERGENCY EQUIPMENT 


Police officers are frequently the 
first to arrive at the scene of a fire or 
accident and often must perform 
rescue operations and administer 
first aid to the victims. Not all police 
cars are adequately equipped for 
this work. In addition to developing 
appropriate voluntary standards, 
the objectives of the emergency 
equipment program, directed by 
Avery T. Horton, are the develop- 
ment of a standardized equipment 
package for police cars and the 
establishment of procedures for its 
use by police officers. 

Another aim of this program is to 
improve the effectiveness of the 
many different flashing lights and 
sirens for police vehicles. Now 
many communities design their own 
light and siren systems; some use a 
red light, other blue, and still others 
alternate red, blue, and white for 
police vehicles. The task of 
developing performance standards 
for lights and sirens has been given 
to the Applied Acoustics and Illu- 
mination Section of the Bureau’s 
Building Research Division. 


POLICE WEAPON STANDARDS 


Law enforcement officers from 
time to time are faced with situa- 
tions that require the use of some 
degree of force. Weapons, there- 
fore, constitute a small, but impor- 
tant, category of law enforcement 
equipment. 

Law enforcement weapons are 
classified as being either lethal or 
nonlethal, depending on_ their 
potential. The first category in- 
cludes the various types of firearms 
and the second such items as the 
nightstick and chemical agents. 
LESL currently plans to develop 
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NBS STUDY TO DETERMINE Wil 


Why certain houses too readily 
lose their roofs in hurricanes is the 
subject of an investigation being 
conducted by NBS in Great Falls, 
Mont. 

‘‘We wanted to do this research 
in an area where strong winds occur 
frequently,” the project manager, 
Dr. Richard D. Marshall, said. 
‘Great Falls has winter gales of up 
to 70 miles per hour, roughly half 
the wind speed associated with an 
intense hurricane.” 

Dr. Marshall instrumented a 
house to measure pressure, wind 
speed, and wind direction. He is 
seeking to determine how wind 
forces interact with architectural 
features of the house— shape of 
the roof, length of overhang, height 
of the roof above ground, etc. By 
measuring the loads that Montana’s 
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winds impose on a house, it is possi- 
ble to calculate the loads which 
would be inflicted by hurricane 
gales. And knowing (by structural 
analysis) what the house’s roof 
system can withstand, it is possible 
to predict failures. 

The project is a cooperative study 
of the Bureau, the Army, the Navy 
and the Air Force. 

The instrumented house is at 
Malmstrom Air Force Base, just 
outside Great Falls. The instru- 
ments and an electronic system 
which automatically records and 
stores their readings were installed 
in early November. Dr. Marshall, 
who is with the Building Research 
Division of NBS’ Institute for Ap- 
plied Technology, expects to gather 
data through April. 

The house is a one-story, four- 


bedroom ranch type with a 
pronounced roof overhang. Such 
houses, common to both military 
and civilian housing, have roof 
systems that performed less than 
desirably under the wind assaults of 
Hurricanes Camille and Celia in 
1969 and 1970. 

Lt. Col. C. Y. Holland, Jr., com- 
mander of the 341st Civil Engineer- 
ing Squadron, is cooperating with 
Dr. Marshall in the research pro- 
ject, and hourly meteorological data 
gathered by the 9th Weather 
Squadron are available to the 
researchers. 

Readings and weather data will 
be computer processed at the NBS 
facilities in Gaithersburg, Md. 
These data, along with a model of 
the home, will be forwarded to 
Colorado State University where 
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D EFFECTS ON HOUSES 


wind-tunnel findings will be 
checked out for their simulation of 
the real events recorded in Great 
Falls. 

Wind-tunnel modeling is an inex- 
pensive way to test the structural 
performance of buildings under 
wind loading, but it is felt that the 
reliability of results can be im- 
proved. To investigate the reliability 
of tunnel simulation is one purpose 
of the project. 

Similar work to improve tunnel 
testing is underway at the Gaithers- 
burg laboratories. It involves a 
four-story NBS building which has 
been completely instrumented to 
record wind pressures. 


Charles Bulik checks out electronic data 
acquisition equipment set up in the garage 
of the house instrumented to study wind 
forces. 
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An array of P 
roof of the house. 


Dr. Richard D. Marshall calibrates a sensor 
used to measure wind pressure under an 
overhang of the house. 


Dr. Richard D. Marshall adjusts wind 


instruments atop the home. 


Home at Malmstrom Air Force Base, Great 
Falls, Mont., instrumented to measure its 
structural performance under Montana’s 
strong winter winds. 


CHANNEL CAPACITY OF THE EAR 


AND SPEECH INTELLIGIBILITY 


Research on sound at the In- 
stitute for Basic Standards, sup- 
ported in part by the U.S. Veterans 
Administration and the Office of 
Naval Research, includes study of 
how sound is processed by the 
human ear and nervous system. 
Edith L. R. Corliss, of the sound 
laboratories, has recently used the 
techniques of communication cir- 
cuit theory and the relations of con- 
ventional information theory to 
derive the channel capacity of the 
ear.} 

In effect, the channel capacity is 
a measure of how many binary 
(“‘yes—no’’) decisions can be 
processed accurately within a given 
length of time. Mrs. Corliss ap- 
praised the data transmitted by the 
ear mechanism, in response to 
sound impinging on it, in terms of 
binary bits of information. Her 
findings are that the channel 
capacity increases with increase in 
the amplitude of the speech, that 
the channel capacity needed 
decreases with the length of the 
input words, and that intelligibility 
increases with greater amplitude or 
word length. These findings have 
applicability to studies of hearing 
impairment, where the amplitude of 
the signal transmitted to the audito- 
ry part of the brain is diminished. 

The present studies are based on 
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mathematical theories of communi- 
cation, primarily those involving bi- 
nary signal channels advanced by 
C. E. Shannon since 1949.2 The au- 
ditory channel will pass no neural 
activity representing a sound, ac- 
cording to the theory, until the 
sound’s amplitude reaches a 
minimum value for that channel. 
There is evidence that the ear 
behaves as though at each instant 
there is rivalry among a number of 
parallel adjacent bandpass filters, 
for frequencies spanning the audio 
range, perhaps by means of a 
process called lateral inhibition. A 
channel can be thought of as func- 
tioning analogously to a bin pivoted 
to catch the data (sound informa- 
tion) emerging from its filter, hold- 
ing it for an interval (the integration 
time), and, if it fills up during that 
time, dumping the data into a chute 
(neural pathway) to the brain and 
starting to accumulate data again. 
The effect of noise accompanying 
sound is described by Shannon as 
“‘equivocation’’—statistical confu- 
sion arising because noise can 
resemble the signal and part of the 
signal can become indistinguishable 
from noise. The signal is considered 
to be 50 percent detectable at 
threshold, when its level equals the 
noise level, but at that point the in- 
formation transmitted (a measure of 


the channel capacity) is effectively 
zero. Intelligibility can be predicted 
from the net channel capacity and 
the minimum “‘bit rate” needed for 
90 percent probability of detection. 


PRESENT RESEARCH 


The English language uses about 
70 reasonably independent 
phonemes, each a pattern of 
distinctive features that can be ex- 
pressed in binary terms, such as vo- 
iced versus unvoiced and long versus 
short. About 30 highly descriptive 
phonemes remain if we exclude 
those related to rhythm and stress. 
Since five binary digits enable one 
to discriminate among up to 32 dif- 
ferent items (2X2X2X2X2 = 32), we 
can identify each phoneme by five 
digits. Each word can therefore be 
described by breaking it into its 
string of phonemes and converting 
each phoneme, in turn, into the five 
binary bits representing its distinc- 
tive features. 

Normal speech is uttered at arate 
of eight to 15 phonemes per second, 
but the recorded word lists used at 
NBS as test material were found to 
be uttered at the slower rate of 
seven phonemes per second. 
Recognizing these random 
phonemes would therefore require 
the transmission of 35 bits per 
second. However, connected 
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phonemes, such as ones grouped 
into meaningful, familiar monosyl- 
labic words, are found to require 
only about 10 bits per second. This 
lower channel requirement is due to 
the “redundancy” of familiar 
words. A person recognizing that he 
is being presented with a group of 
related clues can use “block cod- 
ing,” which for monosyllabic words 
requires only about one-third as 
many clues as for purely random 
phonemes. 

Mathematical relationships bor- 
rowed from information theory and 
conventional circuit theory were 
used by Mrs. Corliss to compute the 
ear’s ability to recognize speech 
presented at various’ sensation 
(loudness) levels, the minimum de- 
tection time, the equivocation, and 
the ear’s effective channel capacity 
in bits per second. Since informa- 
tion theory permits estimating the 
probabilities of signal detection hits 
or misses from the channel capaci- 
ty, predictions of word intelligibility 
can be made and compared directly 
with data from experimental obser- 
vations. The computed results are 
in good agreement with experiment. 

The new theory has borne fruit in 
appraisals of intelligibility; when 
calculations were made for various 
word lengths and speaking speeds, 
intelligibility was shown to increase 
as the speech level was raised from 
the bare threshold of detection 
toward normal speech levels. Long, 
familiar words were calculated to be 
easy to recognize in proportion to 
their duration, and this also was 
verified experimentally. 

Inasmuch as the original intelligi- 
bility scores were obtained from 
random word lists, subjects were 
not aided by contextual relation- 
ships; even speaker-listener lan- 
guage differences do not reduce 
greatly the intelligibility of random 
phonemes. However, since 
phoneme groups are recognized as 
words with greater difficulty by a 
listener to whom the words are 
foreign, his processing ability in this 
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Graph of percent intelligibility against sensation level shows predicted intelligibility (lines) 
to agree closely with measured data (point plots). Prediction was made by means of NBS- 
developed theories relating channel capacity of the ear to intelligibility, loudness, and 


complexity of words. 


case tends toward that for the ran- 
dom phoneme case. Because of his 
greater need for auditory clues we 
would expect his recognition of 
speech from a poor public address 
system, for example, to break down 
before recognition by those for 
whom the speech is in their native 
language. However, the random- 
phoneme curve does not differ in 
steepness from the slope for the 
monosyllabic words by more than a 
factor of two. The hearing process 
must therefore consist primarily of 
recognition of groups of sounds, 


with recognition of meaning being a 
separate and subsequent process. 

The relationship that was found 
between channel capacity and loud- 
ness suggests that knowledge of 
loudness-intelligibility relationships 
in cases of poor hearing will greatly 
assist medical research on hearing 
impairment. 

1 Corliss, E. L. R., Estimate of the inherent channel 


capacity of the ear, J. Acous. Soc. Am. 50, 671-677 
(Aug. 1971). 

2 Shannon, C., and Weaver, W., The Mathematical 
Theory of Communication, University of Illinois Press, 
Urbana, Ill. (1949) and Shannon, C., Certain results in 


coding theory for noisy channels, Info. and Control 1, 
6-25 (Jan. 1957). 
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The NSRDS was established to make 
critically evaluated data in the 


physical sciences available to 
science and technology on a na- 
tional basis. The NSRDS is ad- 
ministered and coordinated by the 
NBS Office of Standard Reference 
Data. 


THE RENSSELAER MOLTEN SALTS 
DATA CENTER 


The Rensselaer Molten Salts 
Data Center is a university-based 
data center for information analysis 
and critical evaluations of existing 
data on inorganic compounds in the 
molten state. Molten compounds 
have long been utilized in extractive 
metallurgy; as in the production of 
aluminum through electrolysis of 
molten cryolite. Due to advances in 
modern technology, the field of mol- 
ten salts has attracted the attention 
of scientists and engineers con- 
cerned with such widely diverse 
areas as: nuclear power reactors, 
electrochemical fuel cells, high- 
energy batteries, regenerative car- 
bon dioxide-oxygen systems, solid- 
waste processing, electroplating, 
direct gasification of coal, fire-de- 
tection sensors, organic and inor- 
ganic synthetic processes and catal- 
ysis, corrosion and passivation of 
various metals, and_ liquid-liquid 
solvent extraction processes. Con- 
sequently, the literature on molten 
salts has spread considerably over 
the past 25 years. 

The formation of a Molten Salts 
Data Center was undertaken in 
1961 by Professor George J. Janz to 
cope, in part, with this expanding 
technical coverage. Support for the 
experimental programs has been 
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provided by various Federal agen- 
cies over the past decade; the NBS 
Office of Standard Reference Data 
has supported the critical evalua- 
tions of molten salts data at this 
Center since 1965. 

The objectives of the Molten 
Salts Data Center are threefold: to 
provide current awareness of ad- 
vances in the entire field of molten 
salts, to develop mechanisms for 
ready access to this input, and to 
examine and re-evaluate the exist- 
ing data in a critical manner and to 
prepare numerical tabulations of 
the critically evaluated data. Since 
electrical conductance, density, 
viscosity, and surface tension are 
among the most widely investigated 
properties and underlie many of the 
applications of molten salts, the 
preparation of critically evaluated 
data compilations has emphasized 
these four properties. 

Two data compilations! under the 
NSRDS imprint have been issued 
with quality recommendations for 
more than 175 inorganic compounds 
as one-component or “‘single-salt” 
melts; a third, covering the data and 
recommendations for nitrates and 
nitrites as binary molten salts mix- 
tures, is in preparation.” Two addi- 
tional compilations in this series 
will cover the results for the halide 
mixtures and the remaining inor- 
ganic compounds, also as binary 
mixtures. Critically evaluated emf 
formation cell data have also been 
published in NSRDS-NBS 15. It is 
of interest to note that this NSRDS 
series on molten salts is being trans- 
lated and published in the U.S.S.R.? 

Other publications from _ the 
Rensselaer Center include more 


than 100 research papers on various 
studies of the physico-chemical pro- 
perties and Raman spectra of mol- 
ten salts, book chapters and review 
articles, and the ‘“‘Molten Salts 
Handbook’’‘ in which a data over- 
view is developed for the entire 
range of fused salt interests. 

A feature inherent in such a 
university-based data center activi- 
ty is the educational “spin-off.” 
Professors G. J. Janz and R. P. T. 
Tomkins work closely with postdoc- 
torate associates and predoctoral 
graduate students in a carefully 
coordinated and organized ap- 
proach to information analysis and 
critical evaluations of data. Un- 
dergraduate students act as techni- 
cal assistants in supporting tasks 
such as computer programming, 
keypunch operators, reference 
acquisitions, library information 
retrieval, engineering drawing, and 
foreign translations (Russian, Ger- 
man, French). Technical typists 
complete the “team.” 

This work has been found to pro- 


G. Gardner (standing) and M. Lucas 
examine copy from a computer terminal. 
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vide a very useful “staging” period 
relative to experimental research 
projects for the predoctorates and 
postdoctorates. The opportunities 
for undergraduates to mesh with 
evaluators more experienced in ad- 
vanced methods of information 
Storage and retrieval are further 
features of educational spin-off. 


ATOMIC ENERGY LEVELS 


NSRDS-NBS 35, Volumes I, II, 
and III by Charlotte E. Moore’® ($5, 
SD Catalog No. C13.48:35/V.I; 
$4.25, SD Catalog No. 
C13.48:35/V.I]; $4.50, SD Catalog 
No. €13.48:35/V.II]) is a reprint of 
NBS Circular 467. The reprint is is- 
sued in response to a continuing 
steady demand for the widely used 
critical compilation of atomic ener- 
gy levels prepared at the National 
Bureau of Standards from analyses 
of optical spectra. The only dif- 
ferences are that the publication is 
now included in the NSRDS series, 
and cross references are given for 
certain atomic or ionic spectra to 
NBS publications containing more 
recent data. Volume I contains data 
on elements !H to?3V; Volume II on 
24Cr to 441Nb; Volume III on 42Mo to 
571_a and 7Hf to ®°Ac. Spectra of the 
lanthanides (Z = 58-71) and acti- 
nides (Z = 90-?) will be handled in a 
forthcoming Volume IV now being 
prepared by W. C. Martin and col- 
leagues. 


An important feature of the com- 
pilation is that it makes immediate- 
ly apparent the gaps in our 
knowledge of particular spectra, 
and additional spectra that need to 
be investigated. Many additional 
spectra have in fact been studied 
and numerous extended analyses 
have been published since Circular 
467 first appeared; though it will be 
some years before the present set of 
tables is superseded as a whole. 
Meanwhile, references to later work 
are given in NBS Special Publica- 
tion 306, Sections 1-4. Further, as 
new analyses appear for spectra of 
the lighter elements, the lists of 
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Senior personnel of the Molten Salts Data Center discuss a recommended value. Top left, Dr. 
G. J. Janz, Director; bottom left, G. Gardner, postdoctorate associate; Ursula Krebs, 
postdoctorate associate; and R. P. T. Tomkins, Assistant Director. 


revised energy levels, together with 
revised multiplet tables, will be 
published by NBS as sections of 
NSRDS-NBS 3, “‘Selected Tables of 
Atomic Spectra, Atomic Energy 
Levels, and Multiplet Tables.” Sec- 
tion 1 contains data for Si IT, Si III, 
and Si IV; Section 2 for Sil; Section 
3 for C I through C VI. Data on 
nitrogen spectra of higher ionization 
will be presented in Section 4. In 
this reprint (NSRDS-NBS 35), 
whenever individual spectra have 
been revised and reported in 
NSRDS-NBS 3, this fact is clearly 
indicated. 


CUMULATIVE INDEX TO PAPERS ON 
RADIATION CHEMISTRY 


The second number of the Index 
and Cumulative List of Papers on 
Radiation Chemistry covering the 
period July through December 1971 
has been issued by the University of 
Notre Dame Radiation Chemistry 
Data Center. The 18,220 references 
were obtained by scanning 40 ap- 
propriate current journals as well as 
Chemical Abstracts and Nuclear Ab- 


stracts. References are grouped into 
the following categories: radiation 
chemistry, polymers, biological 
systems, hot atom chemistry, ESR, 
luminescence, photochemistry, 
theoretical studies, and miscellane- 
ous. The Cumulative Index may be 
ordered from the National Techni- 
cal Information Service, Spring- 
field, Va. 22151 for the price of $6 
per issue. Order the first issue, 
covering the period January through 
June 1971, as COM-71-01103; order 
the second issue as COM-72-10266. 


1 NSRDS-NBS 15, Molten Salts: Vol. 1, Electrical Con- 
ductance, Density, and Viscosity Data ($3, SD Catalog 
No. C13.48:15/V.1); and NSRDS-NBS 28, Molten Salts: 
Vol. 2, Section 1. Electrochemistry of Molten Salts: 
Gibbs Free Energies and Excess Free Energies from 
Equilibrium-Type Cells. Section 2. Surface Tension 
Data. Available from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 for the price indicated. 


2 Journal of Physical and Chemical Reference Data, 
Vol. 1, No. 3. 


3 Vol. 1 Translated by A. G. Morachevskii (Leningrad) 
and published in 1970. 


4 Janz, G. J., Molten Salts Handbook (588 pp. plus 
xii) Academic Press, New York (1967). 


5 Available from the Superintendent of Documents, 


U.S. Government Printing Office, Washington, D.C. 
20402 for the price indicated. 
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CONFERENCE © PUBLICATION 


13th SCINTILLATION AND 


SEMICONDUCTOR COUNTER 
SYMPOSIUM 
The 13th Scintillation and 


Semiconductor Counter Symposi- 
um was highlighted by increased 
emphasis on medical detectors and 
imaging systems. The latest bienni- 
al Symposium was held March 1-3, 
1972 at the Shoreham Hotel in 
Washington, D.C., and was spon- 
sored by the IEEE Nuclear Science 
Group, NBS, and the U.S. Atomic 
Energy Commission. The Symposi- 
um had an air of international flavor 
as scientists, engineers, and now 
medical doctors met to discuss the 
problems, advantages, and ad- 
vanced developments of radiation 
detectors and associated electronic 
systems. 

New and old types of detectors, 
inherent detector properties and 
problems, and various detector ap- 
plications were discussed at this 
year’s Symposium. Some of the im- 
portant properties required of radia- 
tion detectors are high sensitivity, 
precision and _ accuracy, fast 
response, wide-temperature range, 
and low-noise. To provide improve- 
ments in these properties many new 
detector designs have been 
developed. 

As an example of the broad sub- 
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ject range of the Symposium, A. H. 
Sher of the National Bureau of 
Standards discussed the work 
which he and his Bureau associates 
Y. M. Liu and W. J. Keery per- 
formed regarding response mea- 
surements on radiation-damaged, 
lithium-drifted silicon detectors. 
The infrared response technique 
has been used to study energy 
levels (in silicon detectors) arising 
from centers induced by neutron, 
proton, and electron irradiation. In- 
terpretation of data obtained thus 
far is consistent with photoconduc- 
tivity studies made on similarly ir- 
radiated silicon crystals. Levels at- 
tributed to divacancies and lithium 
precipitates, and optically induced 
charge exchange between centers, 
have been tentatively identified. 

R. N. Beck of the Argonne 
Cancer Research Hospital 
described some current § and 
proposed detector devices, their 
theoretical advantages, and their 
practical problems in medicine that 
he and his colleagues L. T. Zimmer, 
D. B. Charleston, and P. B. Hoffer 
have been investigating. Certain 
diseases are diagnosed by using a 
radiation detector to observe an ab- 
normality in the temporal or spatial 
distribution of some stable or 
radioactive material within a pa- 


tient. The required examination 
time and patient irradiation are af- 
fected by the detector’s sensitivity 
while spatial resolution and image 
contrast are affected by the detec- 
tor’s energy resolution. Large 
semiconductor detectors may com- 
pete favorably with thallium-doped 
sodium iodide detectors for imaging 
fluorescent x-ray and low energy 
gamma-ray distribution, since they 
may provide comparable sensitivity 
and superior energy resolution. 

A new type of semiconductor de- 
tector, discussed by E. I. Gordon of 
Bell Laboratories, may find future 
applications in picturephones and 
memory devices. In this detector a 
3-phase, charge-coupling device is 
produced in a silicon wafer by using 
connected metal strips to form 
storage traps, allowing the device to 
be used as a set of shift registers. 

Material characteristics are often 
a problem in detector performance. 
In a research program of the 
General Electric Research and 
Development Center, R. N. Hall has 
correlated the results of detector 
performance with the presence of 
etch-caused pits in the detecting 
crystal. Detectors made _ with 
crystals possessing etch pits 
showed severe trapping and poor 
energy resolution, while detectors 
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incorporating germanium crystals 
with no etch pits were free from 
traps. 

The Symposium was highlighted 
by the presentation of an award by 
the IEEE Nuclear Science Group to 
W. A. Higinbotham of the Brook- 
haven National Laboratory for his 
outstanding contributions to 
nuclear science. Dr. Higinbotham’s 
distinguished career in nuclear 
science spans 3 decades. He is a 
Fellow of the IEEE, the American 
Physical Society, the American 
Nuclear Society, and the American 
Association for the Advancement of 
Science. He was a founder of the 
Association of Atomic Scientists 
and its successor, the Federation of 
American Scientists. The award 
was presented to Dr. Higinbotham 
at the Symposium banquet which 
was addressed by Gordon Mac- 
Donald of the President’s Council 
on Environmental Quality on the 
Council’s role of evaluation of new 
programs with respect to their en- 
vironmental impact. 

Proceedings of the Symposium 
will be published in the June 1972 
issue of the IEEE Transactions on 
Nuclear Science. Copies will be 
available at a cost of $12 for non- 
IEEE members, and $6 for IEEE 
members, from the IEEE, 345 East 
47th Street, New York, N.Y. 10017. 


NBS ISSUES CONSUMER 
GUIDE ON PRESERVATION OF 
BOOKS, DOCUMENTS, PRINTS 
AND FILMS 

A new Consumer Guide, Care of 
Books, Documents, Prints and 
Films, has been issued by the Bu- 
reau. The 16-page booklet describes 
in everyday language how to protect 
paper, books, and _ photographic 
materials from insects, heat, hu- 
midity, dust, and sunlight. 

Dr. Branscomb, NBS Director, 
writing in the booklet’s foreword 
says, “even in this age of rapid 
change, there are some of our pos- 
sessions we want to preserve. The 
heirlooms, the antiques, and _ per- 
sonal mementoes of past experience 
have value to us because they are ir- 
replaceable. 

‘In the average household, 
books, documents and films often 
have this unique value. Letters, 
wills, contracts, manuscripts; books 
with a real or sentimental value; 
films that record family recollec- 
tions—all are subject to deteriora- 
tion and decay if they are not 
properly cared for. 

“The National Bureau of Stan- 
dards has learned a lot about this 
problem in the course of its 
research and assistance to other 
agencies over the years. Probably 
the high point of this work in the 


preservation of documents was 
sealing of the Declaration of Inde- 
pendence and the Constitution of 
the United States. While your docu- 
ments may not be that valuable, 
they are important to you.” 

The booklet opens with a discus- 
sion of the various kinds of paper; 
describes the construction of books; 
and gives a detailed description of 
the various insect and environmen- 
tal factors which cause books and 
papers to deteriorate. Explicit 
directions are given for the care of 
papers and books, and for making 
minor repairs. A short section offers 
practical advice on the care and 
preservation of photographic nega- 
tives and prints. 

The booklet is the fifth in a series 
of Consumer Guides issued by the 
Bureau. It is available from the Su- 
perintendent of Documents, U.S. 
Government Printing Office, 
Washington, D.C. 20402, and from 
the Consumer Product Information 
Center, Washington, D.C. 20407. 
Price: 45 cents. 

Other booklets in the Consumer 
Guide series include: Tires — Their 
Selection and Care; Fibers and 
Fabrics; Adhesives for Everyday 
Use; Hearing and Hearing Aids. All 
are available from the Superinten- 
dent of Documents and the Con- 
sumer Product Information Center. 


LAW ENFORCEMENT continued 
performance standards for all such 
items. 

Jacob J. Diamond is serving as 
Program Manager for this program. 
Virtually all work on police weapon 
standards will be performed out-of- 
house, except for the final writing of 
the proposed standards and some 
state-of-the-art research. 


LAW ENFORCEMENT BUILDING 
SYSTEMS 

The Omnibus Crime Bill and Safe 
Streets Act of 1968 provides for 
Federal assistance to states for the 
construction of law enforcement 
buildings and other physical facili- 
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ties. To assist in this work LESL 
has recently initiated a new pro- 
gram to develop performance stan- 
dards for: (a) the design and evalua- 
tion of all building systems to be 
used by the law enforcement com- 
munity, (b) building materials, and 
(c) institutional furnishings, equip- 
ment, and supplies. Avery T. Hor- 
ton is Manager of this program. 

In developing these standards, 
the program will: 

1. Assess the state-of-the-art in 
emerging law enforcement pro- 
grams and the facilities in use for 
these programs; 

2. Assess the state-of-the-art in 
the more traditional law enforce- 


ment programs and the facilities 
which serve them; 

3. Analyze the planned facilities 
and observe those in use to deter- 
mine their capacity to fulfill the 
goals and objectives of law enforce- 
ment programs. 

The program will use expertise 
available in NBS, the law enforce- 
ment community, the construction 
industry, the design profession, and 
the advice of consultants to ensure 
operational relevance of the pro- 


gram. 


1 The Challenge of Crime in a Free Society, a report 
by the President’s Commission on Law Enforcement 
and Administration of Justice (1967), available from 
the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 at a cost of 
$2.25. 
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Sidney Geller, of the Computer Center’s magnetic media lab, positions a field strength probe 
over a reel of tape that is subjected to a magnetic field by a permanent magnet. 


Strip chart recording showing the effects of the permanent magnet on the recorded tape 
signal. The heavy, dark trace is the area of greatest signal. 
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The NBS Center for Computer 
Sciences and Technology, under 
P.L. 89-306, is the Federal scientific 
and technical focal point for insur- 
ing that computer services meet the 
needs of the customer. Significant 
activities of the Center are reported 
in this column for the information of 
interested computer customers. 


THE EFFECTS OF MAGNETIC FIELDS 
ON COMPUTER MAGNETIC 
STORAGE MEDIA 


The security of automatic data 
processing facilities is of signifi- 
cant, continuing concern to all 
agencies and organizations that use 
computers as an integral part of 
their normal operations. While 
there is an understandable need to 
protect the investment in expensive 
equipment, there is an even greater 
need to safeguard the information 
and data that are maintained in 
computer centers. Organizations 
that depend heavily on computer 
services could be _ severely 
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damaged, both in terms of cost and 
of disruption of vital services, by the 
inadvertent or deliberate destruc- 
tion of computer files. 

Magnetic tapes, disks, and drums 
are used to store large quantities of 
data on both a temporary and an 
archival basis. These storage media 
are indispensible to data processing 
operations in Government and in- 
dustry. Unfortunately, data in mag- 
netic form are highly susceptible to 
alteration or destruction by devices 
that are able to exert magnetic 
forces on the surfaces of the storage 
media. Even a simple permanent 
magnet can be a destructive device 
in the computer center. Such mag- 
nets that are capable of producing 
powerful erasing fields can be easily 
obtained, carried, and concealed 
and require no external power 
source to produce and maintain a 


magnetic field. 
The Center for Computer 
Sciences and _ Technology, in 


response to Federal agencies’ con- 
cern about the possibility of erasure 
of computer records, recently con- 
ducted a study and performed a se- 
ries of experiments to obtain quan- 
titative data on the effects of vari- 
ous magnetic fields on magnetic 
storage media. This _ effort 
emphasized determining the effects 
of small permanent magnets and 
other forms of radiated energy on 
magnetic recording media. The ob- 
jective of the investigation was to 
provide guidelines for computer in- 
stallation managers; the complete 
results will appear in an NBS publi- 
cation. 


The CCST study focused on the 
relationship among magnet size, the 
distance of the magnet from the 
medium surface, and the time-de- 
pendent destructive or deleterious 
effects of the magnetic fields on 
recorded information. Particular 
emphasis was placed on small, con- 
cealable magnets, such as the bar 
and picture hook types, and on 
some of the heavier, more powerful 
special-purpose magnets. 
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It was found, as expected, that a 
magnet’s destructive effects, if any, 
are manifested instantaneously on 
the recording media and that first- 
order effects are not cumulative 
while the recording material is ex- 
posed to the magnet’s field. In order 
to have an effect on the recording 
media, the magnet must be strong 
enough to overcome the coercivity 
of the material. The typical coer- 
civity of today’s magnetic tapes is in 
the range of 20,000 to 21,000 am- 
peres per metre (250 to 265 
oersteds). A magnetic field strength 
of about 4000 amperes per metre (50 
oersteds) will begin to affect the 
recorded signal amplitude without 
causing loss of data. 

Also caused by weak magnetic 
fields are second-order effects that 
do not erase the magnetic media but 
can increase the noise and “print 
through” of signals on the medium. 
These are time-dependent effects 
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Plot of the magnetic field strength lines from a permanent magnet. 


that increase if the materials remain 
in the weak magnetic fields for 
longer periods of time. 

Magnetic field strength decreases 
very rapidly with increase in the 
distance from the medium to the 
poles of the magnet. At very short 
distances from the poles the mag- 
netic field follows the inverse cube 
law and decays at a rate of approxi- 
mately 1/distance? from the source, 
quickly losing its ability to erase 
data recorded on magnetic tape. For 
this reason, even a small space 
between the magnet and_ the 
recorded medium can be an impor- 
tant factor in safeguarding com- 
puter data. 

The Center performed an experi- 
ment with a powerful, concealable 
magnet. The poles of the magnet 
were brought into physical contact 
with the outer edge of the flange of a 


Continued on page 155 
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Optical Radiation News (ORN) is 
intended to serve as a means of com- 
munication among workers in indus- 
try, universities, and government 
agencies involved in radiometry and 
photometry. ORN will focus on 
developments in the laboratory, in 
the published literature, and at the 
council table, which are of interest 
to its readers. 


REVISED CALIBRATION POLICY FOR 
RADIOMETRY AND PHOTOMETRY 


To better serve the current 
needs of the technical community, 
the Bureau is revising its radiomet- 
ric and photometric calibration pol- 
icy. Beginning July 1, 1972, 25 
calibrations will be offered routinely 
and “research type” calibrations 
will be offered on a limited basis. 


Under the new policy, calibra- 
tions are grouped into three types 
called basic, gage, and special. The 
basic and gage calibrations are 
listed in Tables I and II, respectively. 
Services not listed in these tables 
will be considered special calibra- 
tions. The basic and gage types are 
available to the public and require 


only a purchase order to initiate. 


TABLE IA. BASIC CALIBRATIONS — RADIOMETRIC 


APPROXIMATE CALIBRATION 


ITEM CONDITIONS 
PHYSICAL NUM- STANDARD WAVELENGTH 
PARAMETER BER RANGE RADIANCE TARGET 
é TEMPERATURE DIMEN- 
OR MAGNITUDE SIONS 
Spectral (1)* Ribbon Filament 225-800nm 2675-2415 K 0.6mm 
Radiance Lamp 30A/T24/13 wide 
(2)* Do. 650-2400nm 2495-1620 K 0.8 mm 
high 
(3)* Do. 225-2400nm 2675-1620 K 
(4) Blackbody500-700K 1.5-14um 0.8mm 
high 
Spectral (5)* Quartz-halogenLamp 250-800nm_ .2-250 
Irradi- 1000 watt-DXW or watts/cm3 
ance FEL 
(6)* Do. 800-1600nm 250-130 
watts/cm?3 
(7)* Do. 250-1600nm_ .2-130 
watts/cm? 
Irradiance (8) Quartz-halogen 1000 130 mw/cm?2 
watt-DXW Lamp in 
reflector 
(9)* Quartz-halogen Lamp 30 mw/cm? 
1000 watt-DXW or 
FEL 
(10)* Airway Beacon Lamp 3 mw/cm?2 
500 T 20/13 
(11) | Microscope Iilumina- 0.6 mw/cm? 
tion Lamp 100 T 842/9 


APPROXIMATE 


UNCERTAIN- 
TIES RELA- 
TIVE TO 
ELEC- SI UNITS 
DISTANCE TRICAL FOR WAVE- 
REQUIRE- LENGTHS IN 
MENTS COLUMN 4 
12 VDC 4V2-1% 
40A 1-1” 
4V2-1V%2% 
2-1% 
5-1V%2% 
50 cm 110 VDC 1%-2% 
5-2% 
40 cm V2% 
50 cm 1% 
110 VDC 
100 cm 2% 
100 cm 2% 


RSS BST ESS RS ESL RDF aR SRE 2 PO SB BET ES RE SE TS III TEI PE IS SE ST ETT EE TT ILE LE DELLE LTA 
“Source normally provided by NBS; others by customer. 
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Delivery times will vary from a few 
weeks for those basic calibrations 
that are “‘shelf items,’ with NBS 
supplying the lamp, to a few months 
for the less frequently requested 
gage calibrations. Gage calibrations 
are given a lower priority than basic 
calibrations and a large calibration 
demand will extend their delivery 
time. Costs for these calibrations 
will be published in NBS Special 
Publication 250 and the next issue 
of this column. 


Special calibrations will be un- 
dertaken on a limited basis if 
they are considered beneficial to a 
significant segment of the radiomet- 
ric and photometric community, 
if NBS has the capability of per- 
forming the calibration in a max- 
imum of 1 month, and if no more 
than 10 percent of the Optical 
Radiation Section’s radiometric and 
photometric research effort would 
be devoted to these calibrations. 


Delivery time, cost, and uncertainty 
will be estimated in each case, with 
delivery times expected to average 
about 3 months from date of receipt 
of purchase order. 


NEW POLICY OBJECTIVE 


The objective of the revised 
radiometric and photometric 
calibration policy is to provide the 
major calibrations required by the 
radiometric and photometric com- 
munities and to do so without sig- 
nificantly reducing NBS research 
efforts toward improving old or 
developing new standards and cali- 
brations. The former policy, in 
which NBS did not offer calibrations 
which were available from commer- 
cial secondary standards laborator- 
ies, has not met the growing needs 
of the country. We believe that 
many in radiometry and photometry 
have been trying to operate very 
close to the present “state-of-the- 
art.”” The obvious solution to this 
problem is to significantly improve 
the state-of-the-art and to thoroughly 
disseminate the techniques associ- 
ated with this improvement. NBS is 
trying to do just this, but unfortu- 
nately it will be a number of years 
before this goal is realized. In the 
meantime, expanding the radio- 
metric and photometric calibration 
service as outlined here should help. 


In the long run, NBS plans to 
concentrate on the basic cali- 
brations and research for improving 
and extending these calibrations 
and measurement techniques in 
radiometry and photometry. 


TYPES OF CALIBRATIONS 


The basic calibrations are those 
considered fundamental to all work 
in radiometry or photometry. In 
principle, there are only two basic 
calibrations — that involving temper- 
ature or electrical power, and that 
involving luminous intensity, i.e. the 
candela. All radiometric and photo- 
metric units may be derived from 
these. However, at the present state- 
of-the-art this is difficult to do and 
not practical for most laboratories. 
Therefore, the additional standards 
or calibrations listed in Table I are 
being made available by NBS. The 
aim for this type of calibration is to 
have a_ thoroughly investigated 
calibration process with random er- 
rors and all known systematic er- 
rors well documented and under 
continuous control. The extent to 
which this has been realized varies 


TABLE IB. BASIC CALIBRATIONS — PHOTOMETRIC 


ITEM APPROXIMATE CALIBRATION CONDITIONS APPROXIMATE 
PHYSICAL NUM- STANDARD UNCERTAINTIES 
PARAMETER BER MAGNITUDE COLOR ELECTRICAL RELATIVE 
TEMPERATURE REQUIREMENTS TO SI UNITS 
Luminous (12)* 100 watt tungsten lamp C13B 90 candelas 2700 K 
Intensity filament inside frosted bulb 
medium bipost base 
(13)* 500 watt tungsten lamp C13B 700 candelas 2856 K (lIilu- 410 VDC 4% 
filament inside frosted bulb minant A) 2 
medium bipost base 
(14)* 1000 watt tungsten lamp C13B 1400 candelas 2856 K (lIllu- 
filament inside frosted bulb minant A) 
medium bipost base 
Luminous Flux (15) 25 wattvacuum lamp C9 filament 270lumens 2500 K 
(geometrically A19IF bulb medium screw base 
total) (16) 60 watt gas filled lamp C9, A19IF | 870lumens 2800 K 
medium screw base 
(17) 100 watt gas filled lamp C9,A21IF 1600lumens 2900 K 420 VDC 6% 
medium screw base 
(18) 200 watt gas filled lamp C9, 3300 lumens 3000 K 
PS30IF medium screw base 
(19) 500 watt gas filled lamp C7A, 10000 lumens 3000K 


PS40IF mogul screw base 


SSS a a a a EE EES ES POSES ES SEE 


*Source normally provided by NBS; others by customer. 
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TABLE Il. GAGE CALIBRATIONS— RADIOMETRIC AND PHOTOMETRIC 


APPROXIMATE CALIBRATION APPROXIMATE 
CONDITIONS UNCERTAINTIES 
PHYSICAL ITEM WAVE- 
PARAMETER NUM- STANDARD LENGTH ELEC- 
BER RANGE MAGNITUDE DIS- TRICAL NBS SI 
TANCE  REQUIRE- UNITS UNITS 
MENTS 
Spectral Irradiance (20)* Quartz-halogen 800- 250-4 50cm 110 VDC 1%2% 5% 
Lamp 1000 watt- 2400 nm watts/cm? (nominal) 
DXW or FEL 
Irradiance (253.7 nm (21) | LowPressure Mer- 0.5-30 100 cm 5% 10% 
Hg line) cury Vapor Lamp pwatts/cm2 (nominal) 
Color Temperature (22)* Airway Beacon 2000-3000 K 110 VDC 5-10K 20-50K 
Lamp 500T 20/13 (nominal) 
Luminous Flux (geo- (23)* Type 51 Lamp 6 lumens 6 VDC 2% 
metrically total) .2A 
Luminous Directional (24)* 5cmsquare 0.15 cd/m? 2% 
Transmittance (Lu- flashed opal per incident 
minance when used glass with 2.5 cm lux 
with luminous inten- diameter dia- 
sity standard) phragm 
Luminous Trans- 15 cm square 0.25 2% 
mittance “daylight” glass Converts 2856 200 K 
filter K to 4700 K 
Luminous Directional (25)* & 
Transmittance (For 15 cm square ‘‘day- 0.035 cd/m? 2% 
calibrating photo- light” glass filter per incident 200 K 
graphic exposure bound to diffus- lux 
meters) } ing plastic Converts 2856 
K to 4700 K 
*Source or filter normally provided by NBS, others by customer. 
considerably in the different are considered small research will not be as reliable as those 


calibrations. Details of the calibra- 
tion procedure and a summary of 
the documentation of uncertainties 
will be given in each calibration re- 
port. A significant part of the cur- 
rent research program is designed 
to reduce these uncertainties, to im- 
prove their documentation and to 
disseminate, in detail, the techni- 
ques used and results obtained. 

Gage calibrations have not been 
investigated sufficiently by NBS to 
assign defensible uncertainties 
relative to SI units. However, control 
relative to an NBS reference group 
does exist and provides at least a 
uniformity in measurements rela- 
tive to these standards. 

Special calibrations may be basic 
or gage calibrations performed 
under a different set of conditions 
or even a higher accuracy than 
listed in the Tables, or they may be 
calibrations never before performed 
at NBS. Special calibrations are 
conducted by the Bureau staff and 
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problems. Probably, only a limited 
number will be performed, with the 
selection based on the following 
information, which should be 
included in the initial request: 

1. Detailed description of the 
calibration being requested 

2. The uncertainty required rela- 
tive to SI and NBS units 

3. The manner in which this 
calibration is to be used 

4. The consequences if this 
calibration were not performed by 
NBS. 

This request should be addressed 
to: 

Dr. Henry J. Kostkowski 

Chief, Optical Radiation Section 

A-221, Physics Building 

National Bureau of Standards 

Washington, D.C. 20234 


Because of the nature of these 
special calibrations, they will be 
performed on a “‘best effort’’ basis. 
Final uncertainties may be different 
from those initially estimated. 
In addition, the uncertainties 


in the basic calibrations which have 
stood the test of years of evaluation 
by a number of people and often of 
international comparisons with 
other national laboratories. On the 
other hand, NBS will not undertake 
a special calibration unless it be- 
lieves a satisfactory result can be 
obtained. The test report will give 
details of exactly how the calibra- 
tion was performed and how the un- 
certainties were assigned so that a 
critical evaluation will be possible. 
The new calibration policy, and in 
particular, the calibrations included 
under the basic and gage types, will 
be reexamined yearly. As a result of 
new research and of input from the 
technical community, it is expected 
that procedures used and uncer- 
tainties reported will change and 
some items will be added or 
deleted. The Optical Radiation Sec- 
tion welcomes suggestions from in- 
dividuals or organizations on new 
calibration requirements or com- 
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ments on how our services could be 
further improved. 


TECHNICAL NOTE SERIES FOR 
OPTICAL RADIATION 
MEASUREMENTS 

A series of technical papers 
describing the current and future 
efforts of the NBS Optical Radia- 
tion Section Staff will be published 
as a part of the NBS Technical Note 
Series. Titled “Optical Radiation 
Measurements,” the various issues 
will describe principles, standards, 
and techniques useful to the 
radiometric and photometric com- 
munity, but which are too detailed 
or preliminary for publication in 
scientific journals. The series is 


being initiated in response to user 
requests to fully describe NBS mea- 
surement system and techniques. 
Each issue of Optical Radiation 
Measurements will bear the main 
title and a subtitle indicating the 
subject: matter of that issue. The 
main emphasis will be on detailed 
descriptions of measurement 
techniques and theory useful in 
radiometric practice. Topics to be 
covered in the first year include: 


Theo. y of the Integrating Sphere 

Electrically Calibrated Detectors 

Progress in Luminous Intensity 
Research 

Theory of Spectroradiometer 
Calibration 


Spectral Irradiance Scale 
Realization 

Spectral Radiance Scale Realiza- 
tion 

Infrared Spectral Radiance In- 
tercomparison 

Progress in Distribution 
Photometry Research 

Characterization of U.S. 


Radiometry and Photometry 


The notes will be published about 
every 6 weeks, with the first issue 
expected to be available in July or 
August of this year. All NBS 
Technical Notes are available from 
the Superintendent of Documents, 
U.S. Government Printing Office, 
Washington, D.C. 20402. 
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reel of magnetic tape that had been 
fully recorded at 3200 frpi. 

The field strength decays rapidly 
with increasing distance from the 
poles of the magnet. Measurements 
made with the NBS developed ref- 
erence signal amplitude measure- 
ment system and drop-out counting 
system!” show that the recorded 
signals on the first 700 feet of tape 
sustained severe damage from this 
field. When the magnet was moved 
1 inch away from the edge of the 
reel flange, there was at most a 17 
percent loss in signal amplitude; 
this damage was confined to ap- 
proximately the first 100 feet of 
recorded tape. When a thin piece of 
magnetic shielding material was 
placed in the l-inch air space 
between the magnet and the reel 
flange, there was no measurable 
loss of signals recorded on the tape. 

The results of this experiment 
suggest a basic guideline for com- 
puter installation managers: a 1-foot 
distance between stored magnetic 
media and the interior wall of the 
storage container will afford 
adequate protection against inad- 
vertent or deliberate damage from 
magnets of the type that could be 
easily introduced into the computer 
room. These results tend to indicate 
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that claims of severe losses of 
stored magnetic data from small 
permanent magnets near tape or 
disk storage vaults or from small 
magnets attached to flash-lights 
used by maintenance personnel 
have been generally overstated. 

In another series of tests, small 
bar magnets of the type used for 
hanging pictures in metal-wall of- 
fices were placed on the flanges of a 
reel filled with tape. It was found 
that the recorded tracks nearest to 
this flange sustained signal am- 
plitude losses as high as 35 percent. 
There was no observable loss of 
signal amplitude when these bar 
magnets were moved 1 inch from 
the flange. 

Tests were also conducted on the 
effects of small magnets hidden in 
magnetic media storage vaults. 
These tests showed that the ordina- 
ry plastic tape reel container affords 
sufficient spacing to _ protect 
recorded data from damage by 
small magnets of the type described 
above. These magnets were found 
to be totally harmless when held by 
magnetic attraction to the interior 
walls of the storage vault. 

An experiment was also con- 
ducted with a_large vehicle-trans- 
ported lifting electromagnet of the 
type used in metal scrap yards. A 


series of recorded magnetic tapes 
was placed in its field. The gap 
structure of such a magnet 
produces such a weak field in air 
that the electromagnet’s erasing ef- 
fects on the recorded data were not 
apparent at distances beyond ap- 
proximately 1.3 feet. 

Other tests with magnetic tapes 
that had been subjected to per- 
manent-magnet fields showed that 
although the amplitudes of the 
recorded signals were significantly 
reduced, the waveshapes remained 
relatively intact. This suggested 
that peak or cross-over detection 
methods would be most effective for 
recovering the information and that 
encoding and decoding methods 
should be considered as factors in 
the preservation and recovery of 
magnetically recorded data in 
archives. 

The NBS publication reporting 
these findings will also discuss the 
effects of high-power radar fields, 
lightning, and airport metal detec- 
tors on various magnetic media. 


1 Geller, S. B., Standard Reference Materials: 
Calibration of NBS Secondary Standard Magnetic 
Tape (Computer Amplitude Reference) SRM 3200 
Using the Reference Tape Amplitude Measurement 
“Process A” Model II, Nat. Bur. Stand. (U.S.), Spec. Pub. 
260-29 (June 1971), available from the Superintendent 
of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402 by SD Catalog No. 
C13.10:260-29 at a cost of 60 cents. 

2 New test for magnetic tape, Nat. Bur. Stand. (U.S.), 
Tech. News Bull. 56, No. 3, 67-68 (1972). 
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